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(54) METHOD FOR SEALING ORGANIC EL Q.EIi/ENT AND ORGANIC EL ELEMENT 

(57) Being concerned with the method of encapsu- 
lation for an organic EL device, the present Invention Fig- 1 
overcomes the difficulty of conventional methods in fully 
preventing the growth of dark spots in the organic El- 
device by providing an inert liquid layer having a dis- 
solved oxygen concentration of 1 ppm or less on the 
periphery of the organic EL device. 
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Description 
TECHNICAL FIELD 

s The present invention relates to a method of encapsulating an organic electroluminescence device {"electrolumi- 
nescence" to be referred to as "EL" hereinafter) and an encapsulated organic electroluminescence device (to be 
referred to as "encapsutateded EL device" hereinafter). 

TECHNICAL BACKGROUND 

10 

An EL device has high visibility owing to self -emission of light, and has excellent inpact resistance owing to a com- 
plete solid device. Due to these characteristics, there have been proposed a variety of inorganic EL devices for which 
inorganic compounds are adapted as a light-emitting material and a variety of organic EL devices for which organic 
compounds are adapted as a Itght-emitting material. Above all. developments of organic EL devices are actively under 
IS way for obtaining organic EL devices having higher perfbnmance, since the organic EL devices permit a decrease in 
drive voltage to a great extent as compared with inorganic EL devices. 

In the basic constitution of an organic EL device, the organic EL device has a structure in which an anode, a light- 
enntting layer and a cathode are consecutively lamir^ted. arxi the above organic EL device is formed on a substrate in 
many cases. The anode and the cathode may be reversed in position. In some cases, further, a hole-transporting layer 
20 is provided between the anode and the lighl-eontting layer, and an electron-injecting layer is provided between the cath- 
ode and the light-emitting layer, for improving the performance. The light-emitting layer is generally farmed of one or a 
plurality of organic light-emttting materials, while it is son>etimes formed of a mixture of an organic light-emitting material 
with a frote-transporting material and/or an electron-ir^ecting materiai. 

Further, in a pair of electrodes (anode and cathode) constituting the organic EL device, the electrode positioned on 
25 a surface through which light comes out is formed of a transparent or semi-transparent film for improving the light emis- 
sion efficiency and due to a constitution as a surfiace light-emitting device. The other electrode (to be sometimes 
refen'ed to as "opposite electrode" hereinafter) positioned opposite to the surface through which light comes out Is 
formed of a specific metal thin film (ihin f am of metai, alloy or a mixture of metals) 

The organic EL device having the above constitution is a current-driven Ilght*emitting device, and it is required to 
30 apply a high electric cunent between the anode and the cathode for performing light emission. As a result, the device 
generates heat when the device is en^tted. and when the device has oxygen or water around it, the oxygen and the 
water promote the oxidation of materials forming the device to degrade the device. In the typical degradation of the 
device by the oxidation and water, a dark spcA occurs and grows. The dark spot refers to a fault point of light emission. 
As the oxidation of the materials lonming the device proceeds with the driving of the organic EL device, the existing dark 
35 spot grows, and eventually, the dark spot spreads over the entirety of the light-emitting suriace. 

For preventing the above degradation, a variety of methods have been hitherto proposed. For example, for effec- 
tively removing heat which the d^ce generates when the devk;s is emittad. JP-A-4-363690 discloses a method in 
which an organk; EL device is held in an inert liquid compound of liquk:! fluorinated carbon. As a method of removing 
water which is one of those wttich cause the degradation, JP-A-5-41281 drsdoses a method in which an organic EL 
40 device is hekj in an inert liquid compound pr^ared by incorporating a dehydrating agent such as synthetic zeolite into 
liqukj fluorinated carbon (specifically, the same as the liquid fiuorinated carbon diseased in the above JP-A~4-363890). 
Further, JP-A-5- 114486 discloses a method in which a heat-radiating layer encapsulating a ftuorocarbon oil (specifi- 
cally included in the Ik^id fluorinated catpon disclosed in the above JP-A-4-363890) is formed on at least one of the 
anode and the cathode euid heat generated at a time of dri\^ng the device is radiated through the heat- radiating layer 
45 to extend the light emission life of the device. 

The degradatkMi caused by water takes place in an inorganic EL device as well. As a method of presenting the deg- 
radation of the inorganic EL device, there is a method in which an inorganic EL device is encapsulated between a pair 
of glass substrates while providing a predetermined space and the ^ce is charged with a protective liqukl. U. S. Pat- 
ent 4,446.399 discloses a method m which silicone oil or silicone grease is used as the above protective liquid. U. S. 
so Patent 4,81 0.931 discloses a method in which a liquid obtained by degassing a pert luorinated inert liquid (spedfically, 
the s^e as. or similar to, the fiquid fluorinated carbon disclosed in the above JP-A-4-363890) under conditions of a 
llqukj temperature of approximately 90 to 120°C and an ambi^ pressure of about 10 Ton is used as the above protec- 
tive liquid. 

However, the occurrence and the growth of a dart^ spot in an organic EL device cannot be fully prevented e»/en if 
55 the above conventional methods on the organic EL device are relied upon. The reason therefor is assumed to be as 

lOliOWS. 

For preventing the occurrence and the growth of the dark spot, it is one of useful means to utiOze Equkl fluorinated 
cart)on for removing the heat which the organic EL device generates when the device is emitted or to use a dehydrating 
agent for removing water which infiltrates the organk; EL device during or after the organic EL device is encapsulated. 
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However, studies by the present irTverrtors show that the liquid fluorinated cartjon and the fiuorocarbon oil greatly dis- 
solve gases, and not water which externally infiltrates but oxygen dissolved m the liquid fluorinated carbon or the fluor- 
ocartwn oil has a great irrfluence on the occurrence and the growth of the dark spot. For example, peffluoroamine 
(Fluorinert {trade name), supplied by Sumitomo-3M Co.. Ltd.) contains dissolved air in a maximum anx>urrt of 22 millili- 
ters perlOO miniliters thereof (dissolved oxygen concentration 63 ppm). It is therefore difficult to fully prevent the occur- 
rence and the growth of the dark spot by the above-described conventional methods on the organic EL device. 

On the other hand, when the method of using a silicone oil or silicone grease as a protective liquid, among the 
above conventional methods on an inorganic EL device, is applied to the organic EL device, there is caused a problem 
that the organic EL de*nce is degraded or broken by the silicone oil or the silicone grease. Further, when the method of 
using, as a protective liquid, a perftuainated inert liquid which is degassed under the above-specified conditions is 
applied, it is difficult to fully prevent the occurrence and the growth of the dark spot in the organic EL device. 

It is an object of the present invention to provide a method of encapsulating an organic EL device, in which the 
growth of the dark spot in the organic EL device can be firmly prevented, and an encapsulated organic EL device in 
which the growth of a dark spot is well pre/ented. 

DISCLOSURE OF THE INVENTION 

The method of encapsulating an organk; EL device in the present inventron. which achieves the above object, has 
a characteristic feature in that an inert liquid layer having a dissolved oxygen concentratwn of 1 ppm or less is provided 
on the periphery of an organic EL device formed by laminating an anode and a cathode through at least a light-emitting 
layer. 

Further, the encapsulated organic EL device of the present invention, which achieves the above object, has a char- 
acteristic feature in that the encapsulated organic EL device has an organic EL device and an inert liquid layer which is 
providBd on the periphery of the organic EL device and has a dissolved oxygen ooncentration of 1 ppm or less. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a schematic cross sectional view of an encapsulated organic EL device obtained in Example 1. 
Fig. 2 is a schematic cross sectional view of an encapsulated organic EL device obtained in Exarrple 3. 

PREFERRED EMBODIMENTS OF THE INVENTION 

First, the method c# encapsulating an organic EL device in the presert invention wit be explained, in this method, 
an inert Iqurd layer having a dissolved oxygen concentration of 1 ppm or less is provided on the periphery of an organic 
EL device as descrtoed above. The reason for the limttatkm of the above dissolved oxygen concentration of the inert 
liquid layer to 1 ppm or less is that it is difficult to firmly prevent the growth of a dark spot when the dissolved oxygen 
concentration of the inert liquid layer exceeds 1 ppm. The lower the dissolved oxygen concentration is, the ntore desired 
it is. In a practtoal sense, however, the dissolved oxygen concentration is preferably in the range of from 0.01 to 1 ppm. 
particularly preferably 0.1 ppm or less. 

The term 'inert liquid" in the present invention refers to a chemically and physically stable Ikiuid. and for example, 
it means a liqukJ wftich has stability and undergoes neither a chemical reaction nor dissolution when brought into con- 
tact with other substance. Specific examples ol the inert liquid include liquid fluorinated cartxais such as perfluoroal- 
kanes, perfluoroamines and perfluoropolyethers. The liquid fluorinated carbons are particularly suitable inert liquids, 
since they have advantages that (1) they are excellent in electrical insulation (for example. Demnum S-20 shown in 
Table 1 to be described later shows a breaktown voltage of 72 kV when a sample has a thickness of 2.5 mm), that (2) 
they have the property of being dissolved in neither watw nor oil. so that they substantially do not dissolve any layers 
forming an organic EL device, and that (3) they have low wettability to the surface of a metal and glass so that they sdo- 
stantially do not cause the peeling of an electrode by infiltrating a gap between a substrate surface and the electrode 
present directly thereon (electrode constituting an organic EL device) when the organic EL device is formed on a sub- 
strate. 

The above lk?uid fbjorinated carbons are commercially availabla Since, however, the dissolved oxygen concentra- 
tion of the inert liquid used in the presem invention is limited to 1 ppm or less and since the commercially available liquid 
fluorinated cart>ons have a dissolved oocygen concentration of far greater than 1 ppm, they cannot t>€ used in the 
method of the present invention as they are. When those inert liquids have a dissolved oxygen concentration of greater 
than 1 ppm, they are therefore used in the method of the present invention after the dissolved oxygen concentration 
thereof is decreased to 1 ppm or less by a ordinary temperature vacuum degassing method, a freeze vacuum degas- 
sing method or an inert gas replacement method. The method of decreasing the dissolved oxygen ooncentration is 
properly selected depending upon the kind of the inert liquid to be used. 

For example, most of perfluoroalkanes and perfluoroamines have a vapor pressure of over 10'^ Tonr at 25°C. When 
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attempts are rnadeto carry out an ordinary temperature vacuum degassing methcxl with regard to those having a vapor 
pressure of over 1 0"^ Torr at 25*C, the vacuum degree cannot be increased to the vapor pressure or less, and the evap- 
oration thereof easily proceeds at room temperature, so that it is very difficult to decrease the dissolved oxygen concen- 
tration by the ordinary temperature vacuum degassing method. With regard to those havirtg a vapor pressure oi over 

5 10'^ Torr at 25^C, it is therefore preferred to decrease the dissolved oxygen concentration by a freeze vacuum degas- 
sing method or an inert gas replacement method. 

When the dissolved oxygen concerttration is decreased tjy a freeze vacuum degassing method, for exanTpie. a 
series of operations including the step of freezing a degassing object (inert liquid whose dissolved oxygen concentra- 
tion is to be decreased) to be degassed with liquid nitrogen^ or the (ike, the step o1 vacuun^ng the degassing ot^ect in 

w a frozen state at 1 0"^ Torr or less and the step of mefting the degassing object in a frozen state after the vacuuming are 
carried out as many times as desired until the degassing object has a dissolved oxygen concentration of 1 ppm or less. 
When the degassing object is selected from Ruorinert FC-72. Ruorinert FC-84. Fluorinert FC-77 and Fjuorinert FC-75 
(all of these are trade names and included in perfluoroalkanes) supplied by Sumitomo-3M Co., Ltd. and Ruorinert FC- 
40, Ruorinert FC-43 and Fluorinert FC-70 (al! of these are trade names and included in perfluoroamines) supplied by 

15 the same Company as above, a series of the above operations are repeated at least five times, vi^hereby an intended 
material can be obtained. When the dissolved oxygen concentration is decreased by an inert gas replacement method, 
for exanple. 0.1 to 1 liter/minute, per 50 cc of a degassing object, of an inert gas (argon gas. nitrogen gas, helium gas, 
neon gas, or the like) Is fed to the degassing object to cause a bubbling approximately for 4 to 8 hours until the dissolved 
oxygen concentration of the degassing object is 1 ppm or less. Of the above two methods, the free vacuum degassing 

20 method is preferred in that the dissolved oxygen concentratiOTt can be decreased within a relatively small period of time. 
On the other hand, nnost of perf luoropolyethers have a vapor pressure of 10'^ Torr or less at 25 °C. With regard to 
those having a vapor pressure of 1 0"^ Torr or less at 25°C, the dissolved oxygw concentration can be decreased by a 
ordinary temperature vacuum degassing method as well as by the vacuum freeze degassing methcxJ or the inert gas 
repiacemwTl method since they have a low vapor pressure at room temperature and show a small evaporation amount 

25 at room temperature. 

When the dissolved oxygen concentration of an inert liquid having a vapor pressure of 10'^ Torr or less at 25*C is 
decreased by the ordinary temperature vacuum degassing method, for exarrple. a degassing object held at IGO^'C or 
lower is subjected to vacuuming at 10"^ Torr or less until the dissolved oxygen concentration of the degassing object is 
1 ppm or less. When the degassing object has a kinetic viscosity of 65 cSt or less at the time of degassing operation. 

3D dissolved oxygen can be relatively easily degassed. When the degassing object has a high kinetic viscosity at the time 
of degassing operation, oxygen arwi water are firmly stuck among nfwiecules, and suffteient degassing is difficult. It is 
therefore preferred to decrease the kinetic viscosity of the degassing object by heating, or the like. In this case, however, 
the degassing operation is complicated. At a degassing time, the degassing object may be stin"ed and/or zeolite may 
be introduced into the degassing object as required. When the zeolite is used, the zeolite is preferably selected from 

35 those formed of porous materials such as biscuit, glass and polytetrafluoroethylene (Teflon). When the intended object 
is otrtained by the ordinary temperature vacuum degassing method, the time required for the degassing operation is 
approxinBte^y for 0.1 to 2 hours so long as the degassing object has a kinetic viscosity of 65 cSt or less at the time of 
the degassing operation, 

Further, when the dissolved oxygen concentralfon of an inert liquid having a vapor pressure of 10"^ Torr or less at 
40 25**C is decreased by the freeze vacuum degassing method or the inert gas replacement method, the degassing is car- 
ried out in the same nnanner as in the procedures used for an inert liquid having a vapor pressure of over 10"^ Ton^ at 
25**C. 

With regard to inert liqukis having a vapor pressure of 10*^ Ton- or lees at 25*C. the dissolved oxygen concentration 
is preferably decreased by the ordinary temperature vacuum degassing method out of the above three methods, since 
45 the dissolved oxygen concentration can be deaeased by the operatfon for a shorter period of time and since the degas- 
sing operation is simple. 

Specific examples of inert Ik^ukils from which inert liquids having a dissolved oxygen concentration of 1 ppm or less 
can be easily obtained by the ordinary tennperature vacuum degassing method include various perf luoropolyethers as 
shown in the toikwing Table 1 . 

50 
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Table 1 



IS 



20 



Trade Name 


Manulacturer 


Vapor pressure (Torr) at 
25*'C 


Kinetic viscosity (cSt) at 


Demnum S-20 


Daikin Industries Ltd. 


10"^ 


53 


Fomblin Z03 


Montecatinj 


10-^ 


30 


ditto M03 


ditto 




30 


ditto Y04 


ditto 




38 


ditto Y06 


ditto 




60 


ditto YLVAC06/D6 


c&tto 


10^ 


62 


ditto 2 DEAL 


ditto 


10-^ 


20 


dittoZDIAC 


ditto 


10-^ 


60 


GakJen HT250 


ditto 


10-2 


10 


ditto HT270 


ditto 


10-2 


20 



Demnum S-20 in the above Table 1 has an average molecular weight of 2,700. a breakdown voitage of 72 kV as a 
sample having a thickness of 2.5 mm and a volume resistivity of 10^^ Ocm at about 20*'C or lower The structural for- 
25 mula thereof Is represented by the following forrTUjla (1). 



F F F F F 

Ml II 

F- {-C-C"-C-0-)„-C-C-F ... (1) 

Ml M 

F F F F F 

n = 10-20. 

Average molecular weight 2,700 
Further, the structural formula of Fomblin 203 in Table 1 is represented by the following formula (2). 

^0 CF3-I(-0-CF2^F2-)p-(-0-CF2-)p-]0-CF3 (2) 

Average molecular weight 4,000 
The structural formula of Qalden H250 in Table 1 is represented by the following formula (3). 



30 



35 



CF3-[ (-O-CF-CF2-)n-(-0-CF2-)„]-O-CF3 (3) 

so 

Average molecular weight 1,320 
In the method of the present invention, tiie atx>ve inert liquid is used to form an inert liquid iayer having a dissolved 
oxygen concentration of 1 ppm or less on the periphery of an or^ic EL device. The above inert liquid is partrcuiariy 
preferably an inert liquid of which not only the dissolved oxygen corrcerrtration is decreased to 1 ppm or less but also 
5S the water content is decreased to 10 ppm or less. When the dissolved oacygen concemration of the inert liquid is 
decreased to 1 ppm or less by the ordirmry temperature vacuun degassing method, the dissolved oxygen concentra- 
tion is decreased to 1 ppm or less by this method artd at the same time, the degassing operation is further repeated, 
whereby an inert liquid having a dissolved oxygen concentration of 1 ppm or less and a water content of 10 ppm or less 
can be obtained. Wh^ the dissolved oocygen concentration of the inert liquid is decreased to 1 ppm or less by the inert 
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gas replacement method, the dissoJved oxygen concentration is decreased to 1 ppm or less by this method, and at the 
same, the butibting is carried out for a littte longer period of time, whereby an inert liquid having a dissolved oxygen con- 
centration of 1 ppm or less and a water content of 10 ppm or less can be obtained. And. when the dissolved oxygen 
concentration of the inert liquid is decreased to 1 ppm or less by the freeze vacuum degassing method, the inert liquid 
5 is distilied under vacuum to obtain a first cut a main cut and a last cut before or after the dissolved oxygen concentration 
is decreased to 1 ppm or less tiy this method, and the first cut and the last cut are removed, whereby an inert liquid 
having a dissolved oxygen concentration of 1 ppm or less and a water coment of 1 0 ppm or Jess can be obtained. When 
an inert liquid having a dissolved oxygen concentration of 1 ppm or less and a water content of 10 ppm or (ess is used, 
the growth of a dark spot can be more firmly prevented. 
10 When the above inert liquid layer is provided on the periphery of an organic EL device, the organic EL device as a 
whole may be immersed in the inert liquid filled in a container to form the inert liquid layer on the periphery of the above 
organic EL device. However, when the organic EL device is formed on a substrate, the inert liquid layer is preferably 
formed as fotlows. That is, the inert liquid layer is pr^rabty formed by providing a housing material, which is to cover 
the organic EL device in combination with the above substrate while lorming a space between the organic EL device 
75 and the housing material, outside the organic EL device formed on the substrate, and f Nling the inert liquid in the space 
formed by the above substrate and the above housing material. The filling of the inert liquid is carried out by injecting 
the inert liquid into the space through an inlet which is formed in the hofsing material or the substrate in advance, and 
the above inlet is dosed after the injection of the inert liquid. 

In the above case, the above housing material is a cap-shaped, plate-shaped (e.g., counterbored substrate), sheet- 
20 shaped or film-shaped materia) having a concave portion having an inner dimension greater than the outer dimension 
of the organic EL device which is to be encapsulated. The housing material is fiioed onto the substrate such that rt forrrs 
a substantially closed space in combination with the above substrate. In this case, the organic EL device as an encap- 
sulating object is in a state in which it is encased in the above concave portion. When a plurality of organic EL devices 
are fomied on a substrate, a plurality of the housing materials may be provided such that one housing material conre- 
25 sponds to one organic EL device, or the above housing material as one comnxn sheet may be provided such that it 
con-esponde to all of the organic EL devices. Further, a plurality of the atx>ve housing materials may be provided such 
that each housing material corresponds to a pluality of the organic EL devices as part of all o1 the organic EL devices. 
Similarly, concerning the above concave portion formed in the housing material, concave portions may be provided 
such that one concave portion corr^orxis to one organic EL device, the above concave portion may be provided such 
30 that it has a size sufficiertt to encase all the organic EL devices, or a plurality of the concave portions may be provided 
such that each concave portion can encase a plurality of the organic EL devices as part of all of the organic EL devices. 

The housing material can t^e fixed onto the substrate with any one of various adhesrves such as epoxy-resin-con- 
taining adhesives and acrylate-resin-containing adhesives. Specifically, those which difficultly permeate water and oxy- 
gen are preferable. As examples, there is ARALDITE AR-R30 (trade name of epoxy resin adhesive, supplied by Ciba 
3s Qeigy). Further, there are a variety of resins such as thermosetting resins and photo-curable resins which can be used 
as a substitute for the at)ove adhesive. 

The material of the housing material is preferably an electrically insulating substance such as a glass and a poly- 
n>er. Specific examples thereof include soda Nme glass, borosHicate glass, silicate glass, silica glass, fluorescence-free 
glass, quartz, an acrylic resin, a styrene resin, a polycarbonate resin, an epoxy resin, polyethylene, polyester and a sii- 
40 icone resin. Furtiier, when the organic EL device as an encapsulating object has insulation-coated lead wires as lead 
wires from the electrodes or when the housing material is fixed onto the sut>strate with an electrically insulating adhe- 
sive or an electrically insulating resin, the housing material may be formed of an electrically conductive material such 
as stainless steel or aluminum alloy. 

When the inert liquid layer Is fbnmed by charging the inert liquid into the space formed between the above substrate 
45 on which the organic EL device is formed and the above housing material, the inert liquid may be injected into the atxve 
space in atmosphere, while it prefenred to inject the inert liquid into the above ^Dace In a nitrogen gas atmosphere or 
an argon gas atmosphere tor preventing the dissolving of oxygen and water in the inert liquid at the time of the injection 
operation. Further, the charging may be carried out by a so-called vacuum injection method. 

The above temi Vacuum injection nnethod" refers to a method in which a space to which a liquid to be injected 
50 ("injectant" hereinafter) is to be injected is maintained in a degassed state and the ir^ectant is injected to the space in 
the above state or a method in which the space to which the injectant is to be injected is degassed and the injectant is 
injected into the space by utilizing a difference between the pressure of the space and the pressure of an atmosphere 
surrounding a feed source of the injectant (the former has a lower pressure). Specifically, there are the following meth- 
ods (t) to (lit) below. 

55 

(0 An object (tiie entirety of an object having a space into wNch the injectant is to be injected) is immersed in a ves- 
sel oontalnir^o the injectant, and in this sate, healing and pressure reduction are carried out to degass tiie above 
space and the injectant is injected (see JP-B-57-47559. column 6, fines 13 to 18). 

(ii) A corrtainer (feed source of the injectarrl) containing the injectant and an object (the entirety of an object having 
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a space into which the injectam is 1o be injected) are placed in a vacuum chaml^er, and the pressure in the vacuum 
chamber is reduced. Then, a flow is formed between the above space and the feed source of the injectani with a 
tube, and then the system as a whole is exposed to atmosphere to inject the injectant into the object by utilizing 
atmospheric pressure (see JP-B-57-d7559, colunrvi 1, lines 15 to 26). 

(iii) An object (the entirety of an abject having a space into which the injectani is to be injected) is placed in an 
uncovered container, the container with the object in it is placed in a vacuum container, and the pressure i n the vac- 
uum container is reduced. In this case, the object is placed such that the injectant inlet provided to the above object 
is positioned close to the bottom ot the above uncovered container. Then, the injectam is introduced into the above 
uncovered container from outside the above vacuum container, and the injectant is charged into the container until 
the above inlet is fully covered with the injectant. Thereafter, dry gas is introduced into the vacuum container to 
bring back the pressure in the vacuum container to atmospheric pressure, and the injectant is injected into the 
above space by utilizing a difference between the pressure (atmospheric pressure) of an atmosphere sun-ounding 
the Injectam contained in the above container and the pressure in the space to which the injectam is to be injected 
(see JP-A-64-57590. page 2, left bottom column, line 4 to page 3, left top column, line 9). 

When the inert liquid is injected, the inert liquid may be heated to increase its flowability regardless of its injection 
methods. 

The closing of the inlet after the injection of the injectam is preferably carried out in an inert gas atmosphere such 
as nitrogen gas atmosphere or argon gas atmosphere rather than it is canied out in atmosphere. The iniet can be 
closed with one of the above ^adhesives or the above resins which are described as one used for fixing the housing 
materiai to the &ut}strBte. 

The encapsulating as an otaject of the presem mvention can be carried out by forming an inert liquid layer having a 
dissolved oxygen concentration of 1 ppm or less on the periphery of an organic EL device as described above. At the 
sanie time, the encapsulated organic EL device as an object of the presem invention can be also obtained. In this case, 
when the above inert liquid layer is formed from the inert liquid containing an adsorbem, the encapsulation can be car- 
ried out more effectively, and there can be cJbtained an encapsulated organic EL device which is more effectively encap- 
sulated. 

The above adsorbent works to prevem the infiltration of oxygen and water imo an organic EL device from outside 
when or afta- the organic EL device is encapsulated. The adsorbent is not specially limited so long as it adsorbs oxygen 
and water, v(^IIe there is preferred an adsorbent which has the properties of adsorbing them in a large amount and 
sparingly releasing oxygen and water which are once adsorbed. The adsorbert is not specially limited in form, while an 
adsorbent having the form of a powder is preferred due to Its targe adsorption area. 

Specific examples of the above adsorbent include 

(1) an inorganic compound selected from activated alumina, diatomaceous earth, activated carbon, hemihydrated 
gypsum, phosphorus pentoxide. magnesium perchlorate, potassium hydroxide, calcium sulfate, calcium bromide, 
calcium cockie, zinc chloride, zinc bromide or anhydrous copper sulfate, 

(2) a metal selected from the metal group consisting of lithium, beryllium, potassium, sodium, magnesium, rubid- 
ium, strontium and calcium, 

(3) an alk>y of metais selected from the at)ove metal group, 

and 

(4) an acrylic water-absorpfcon polymer or a methacrylic water-absorption polymer. The above adsorberts may be 
used alone or in combination of at least two of them. 

The adsorbent is preferably used in a state in which it has sufficient capability of adsorption. For this reason, rt is 
prefened to remove oxygen and water adsorbed to the adsorbem before use (the treatmem for removing oxygen and 
water adsorlDed to the adsorbent will be refen-ed to as "activation treatmenT hereinafter). Although differing depending 
upon the kind of the ateorbent. the activatron treatmem of the adsort)em can carried out by a method in which the 
adsorbem is heated, the adsorbert is subjected to vacuuming, the adsort>em is allowed to stand in an inert gas currem 
or the surface of the adsorbem is cut and removed or by a method combining at least two of these methods. 

The activation treatmem of the adsorbem is preferably carried out while the adsorbent is isolated from atmosphere. 
Further, the activation -treated adsorbem is also preferably kept isolated from atmosphere umil it is used for forming the 
imended inert ik|uid layer (layer containing the adsorbem) in oider to prevem a decrease in the activity thereof. For 
example, preferably, the activation treatment by heating or vacuuming is can-ied out in a state in which the adsorbent is 
placed In a comainer capable of blocking off atmosphere, such as a container with a vacuum valve, the valve is dosaj 
after the activation treatnoent is completed, and the activation-treated adsort>ent is stored in a state in which atmos- 
phere is blocked off, until it is used. 

The amoum of the adsorbem can be selected as required depending upon the kind of the adsorbem. Generally the 
larger the anroum of the adsorbent is, the higher the adsorption effect is. However, when the amoum of the adsorbent 
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is too large, (a) a mixture prepared by addir>g the adsorbem to the above inert liquid may show an extremely decreased 
fluidity, so that it is sonoetimes difficult to form the intended inert liquid layer (layer containing the adsorbent), and (b) the 
adsorbent may damage an organic EL device. 

When an adsorbent having a small particle diameter is used to prepare the above mixture, the mixture shows a 
decreased fluidity than a mixture containing an adsorbent having the same weight but having a larger particle diameter, 
and as a result K is more difficult to form the intended Inert liquid layer (layer containing the adsorbent). 1-towever. the 
adsorbent having a small particle dianrteter shows a larger adsorption amount since ft has a larger effective area than 
the adsorbent having a large particle diameter It cannot therefore n>ean that an ^capsulating effect is low when the 
amount (weight) of the adsorbent is small Although depending upon the iond and the particle diameter of the adsorb- 
ent, the amount of the adsorbent is preferably in the range of approximately from 1 mg to 10 g per milliliter of the above 
inert liquid, more preferably in the range of approxinatety from 30 mg to 3 g per milliliter of the above inert liquid. 

The inert liquid used for forming the intended inert liquid layer containing the adsorbent may be an inert liquid which 
has a dissolved oxygen ooncemration of more than 1 ppm before it contains the adsorbem and which shows a dissolved 
oxygen concentration of 1 ppm or less after it contains the adsorbent. For forming the inert liquid layer having a higher 
encapsulating effect, however, the inert fiquid preferably has a dissolved oxygen concentration of 1 ppm or less before 
it contans me adsorbent. The inert liquid used in the above case is therefore preferably an inert liquid whose dissolved 
oxygen concentration is decreased to 1 ppm or less t>y the above ordinary temperature vacuum degassing method, 
freeze vacuum degassing method or inert gas replacement method. 

When the inert liquid containing the adsorbent is used to form the inert liquid layer on the periphery of an organic 
EL device, the organic EL device as a whole may be immersed in the inert liquid (liquid containing the adsorbent) filled 
in a container to form the inert liquid layer on the periphery of the above organic EL device. However, when the organic 
EL device is formed on a substrate, the inert liquid layer is preferably formed by providing a housing material, which is 
to cover the organic EL device in connbination with the above substrate wNle forming a space between the organic EL 
device and the housing material, outside the organic EL device formed on the substrate, and filling the inert Kquid (liquid 
containing the adsorbent) in the space formed t>y the akxive substrate and the above housing material. 

Spjecific examples of tfte method of providing the above inert liquid layer on the periphery of an organic EL device 
by utilizing a housing material include the following nnethods (A) and (B). 

(A) A method in which the adsorbent and the inert liquid are mixed to pr^are a mixture and the mixture is filled in 
the above space formed by the substrate on which the organic EL device is formed and the housing material which 
covers the organic EL device on the substrate, to fonn the intended inert liquid layer. 

When the inert liquid layer Is formed by the above method, the above mixture should not be prepared in atmos- 
phere, and it is preferred to prepare the above mixture in a dry inert gas atmosphere (nitrogen gas atmosphere or 
argon gas atmosphere), for exanple, in a gloved box in which the atmosphere is purged with a dry inert gas. When 
the mixture is prepared, the inert Trquid liquid containing no adsorbent) may be poured into a container in which the 
adsorbent is placed, or the adsorbent may be placed in a container corrtaining the inert liquid (liquid containing no 
adsorbent). Further, a container for preparing the mixture may be prepared in addition to a container containing tiie 
adsort>em and a container containing the inert liquid (liquid containing no adsorbent), and the adsorbent and the 
inert liquid may be placed in the above container concun-entty or separat^y When the adsort>ent and the inert liq- 
uid are separately placed in the container for preparing the mixture, any one of them may be placed first. 

The imended inert liquid layer can be formed from the above mixture by charging the mixture into the above 
space through an Net provided in advance in the above substrate on which the organic EL device is formed or the 
housing material covering the cxganic EL device on the substrate and closing the outlet after the charging. It is also 
preferred to form the inert liquid layer in a dry inert gas atmosphere. 

The gtove method is suitable for forming the inert liquid layer from the mixture (inert liquid containing the 
adsorbent) having a high fluidity. 

(B) A method in which the adsoriaent and the inert liquid are separately charged into the above space formed by 
ihe substrate on which the organic EL device is formed and the housing material covering the organic EL device on 
the substrate, to form the intended inert liquid layer. 

The above method can be further classified into the following three methods (b1) to (b3). In any one of these 
methods, it is prefened to form the inert liquid layer in an inert gas atmosphera 

(b1) The adsorbem is placed in a region within the above space on the organic EL device and on the substrate on 
which the organic EL device is formed, then, the housing materia! is provided on the substrate, and the inert liquid 
(liquid containing no adsorbent) is charged into the atx^ve space through an inlet provided in the above substrate 
or the atxsve housing material in advance, thereby to form the imended inert liquid layer. The inlet is closed after 
the inert liquid (comaintng no adsort>ent) is charged. 

(b2) The adsorbem is placed in a concave portion which is present in the houang material and concerned in form- 
ing the above space, the housing material is provided on the substrate on which the organic EL device is formed, 
and ^en the inert liquid (liquid containing no adsorbent) is charged into the above space through an inlet provided 
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in the above substrate or the above housing material tn actvance, thereby to form the intended inert (jqufd layer. The 
inlet is closed after the inert liquid (containing no adsort»ent) is charged. 

(b3) The housing material is provided on the substrate on which the organic EL device is formed, and the adsorbent 
and the inert liquid are charged into the above space through an inlet provided in the above sLibstrate or the above 
housing material in advance one after the other, thereby to torm the intended inert liquid layer The inlet is dosed 
after the adsorbent and the inert liquid {containing no adsorbent) are charged. 

The organic EL device as an encapsulating object in the method of the present invention will be explained herein- 
after. 

The device constitution of the organic EL device as an encapsulating object in the present invention is not specially 
limited, and the object can include organic EL devices having various device constitutions. The constitution of the 
organic EL device in the present invention indudes various device constitutions. 

Specific exannples of layer structure of the organic EL device in which light comes out through the substrate side 
include ttie following (1) to (4) as to the lamination order on the sitetrate surface. 

(1) Anode/Iight-emrtting layer/cathode 

(2) Anode/iight-emitting layer/eleclron-injecting layerVcathode 

(3) Anode/hole-traroporting layer/light-OTitting layer/cathode 

(4) Anode/hole-transporting layer/light-emitting layer/electron-injecting layer/cathode 

The above light-emitting layer is formed of one or a pluraBty of organic light-emitting materials, while it is sometimes 
formed of a mixture of an organic light-emitting material with a hole-transporting material and/or an electron-injecting 
material. In some cases, further, a protective layer is formed on the periphery of a device having the above layer struc- 
ture to cover the device, for preventing the inf irtration of water into the device. 

The above organic EL device is generally formed by consecutively forming ea<^ layer including the anode and the 
cathode on a substrate, while the siA)Strate is not used in sonro cases. When tfie substrate side is a surface through 
which light comes out (light-emitting surface) in an organic EL device formed on a substrate, the layers are consecu- 
tively laminated such that the anode is present immediately on the substrate. In this case, the substrate is formed of a 
substance wNch has a high transmittance (about 80 % or more) to r^t emitted from the organic EL device (EL light), 
and specifically, it is selected from a plate-shaped substrate, a sheet-shaped substrate or a film-shaped substrate 
formed of transparent ^ass, transparent plastic or quartz. 

As materials for the anode, the cathode, the light-emitfing layer, the hole-transporting layer, electron-injecting layer 
and the protective layer, a variety of materials can be used for each. For exanple. the anode material is preferably 
selected from metais. alloys or electrically conductive compounds having a high work function (e.g., at least 4 eV) or 
mixtures of these. Specific examples thereof include metals sudi as gold and rackef and di^ectric transparent materials 
such as Cul, no, SnOg and 2nO. Although depending upon materials, the thickness of the anode can be generally set 
in the range of from 10 nm to 1 ^xm as required. 

Further, the cathode material is preferably selected from metals, alloys or electrically conductive compounds hav- 
ing a low work function {e.g.. 4 eV or less) a mixtures of these. Specific examples thereof include sodium, sodium- 
potassium alitv. nagnesium, lithium, alloy and mixture of magnesium with silver, aluminum, AI/AI2O3, indium, and rare 
earth metals such as yttertaium, Alfriough depending upon materials, the thickness of the cathode can be generally set 
in the range of from 10 nm to 1 jim as required. 

In each of the anode and the cathode, the sheet resistance is preferably several hundreds OJu or less. The size of 
the work function used as the standard for electing the anode materia! and the cathode material shall not be limited to 
4eV. 

The material for the light-emittino layer (organic lic^t-emitting material) can be selected from those which can form 
a light-emitting layer of an organic EL device, i.e.. a layer having injection functions of being able to receive holes 
injected from the anode or the hole-trar>sporting layer and at the same time being atHe to receive electrons injected from 
the cathode or the electron-injecting layer when an electric field is applied, transportation functions of moving injected 
charges (at least electrons or holes) under the force of an electric field, and light emission functions of providing a site 
where electrons and holes are recombined to emit tight. Specific examples thereof include benzothiazole-. benzormida- 
zole- and benzooxazole-oonlaining fluorescent whiteners, a nr>eta! chelated oxinoid compound, a stylylbenzene-con- 
taining compound, a distyryipyrazine derivative, a polyphenyl-containing compound, IS-phthatoperinone, 1 .4-diphenyt- 
1 ,3-butadiene, 1,1.4,4-tetraphenyl-1,3-butadiene, a naphthafimide derivative, a perylene derivative, an oxadiazoie 
derivative, an aidazine derivative, a pyrazoiine derivative, a cydopentadiene derivative, a pyrrolopyrrole, derivative, a 
styrylamine derivative, a coumarine-contaming compound, an aromatic dimethyiidene compound and a metal conplex 
of 8-quinolinol derivative. Although not specially limited, the thickness of the light-emitting layer is generally set in the 
range of from 5 nm to 5 jim as required. 

The material for the hole-transporting layer (hole-transporting material) may be any material so long as it has one 
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of the capability of transporting holes and the property of beirrg ban^iers against electrons. Specific exanples tha-eof 
include a triazol© derivative, an oxadicuole derivative, an imidazole derivative, a polyarylalkane derivative, a pyrazoiine 
derivative, a pyrazolone derivative, a phenylenediamine derivative, an arylamine derivative, an amino-substituted chal- 
cone derivative, an oxarole derivative, styrylanthracene derivative.a lluorenone derivative, a hydrazone derivative, a 
stilbene derivative, a silazane derivative, a polysilane-containing compound, an aniIine<;ontaining compound, eiectri- 
calfy conductive oligomers hawng a high molecular we^ht such as a throphene oligomer, a porphyrin oonpotind. an 
aronwt Ic tertiary amine compound, a styrylamine compound and an aromatic dimethylidene-containing conpound. The 
thickness of the hole-t-ansporting layer is not spedalfy limited, either, while it is generally set in the range of 5 nm to 5 
as repuired. The hole-transporting layer may have the structure of a monolayer formed of one or at least two of the 
above materials, or it may have the structure of a plurality of layers each of which is fonned of the same material or dif- 
ferent materials. 

The electron-injecting layer may be any layer so long as it has the function of transferring electrons injected from 
the catiiode to tiie light-emitting layer. Specific examples of the materia) ti-ieretor (electron-injecting maten-jal) include 
heterocyclic tetiacartx>xylic acid anhydrides such as a nitro-substituted f luorenone derivative, an anthraquinodimethane 
derivative, a diphenylquinone derivative, a thiopyran dioxide derivative and a naphthaleneperylene, carbodiimide. a flu- 
orenyiidenemetiiane derivative, an antiiraquinodimethane derivative, an enthrone derivative, an oxadiazole derivative, 
a metal complex of 8-quinoJinol derivative, metal-free pWhalocyanine, metal pWhalocyanine. compounds formed by 
replacing the terminal d these conpounds with an alkyi group or a suHbne group, and a distyrylpyrazine derivative. The 
tNckness of the electronMnjecting layer is not specially limited, either, while it is generally set in ttie range of from 5 nm 
to 5 urn as required. The electron-injecting layer may have tiie structure of a morxrfayer formed of one or at least two of 
the above materials, or it may have the structure of a plurality of layers each of which is formed of the same material or 
different materiala 

The metal complex of 8-quinolinol derivative can be used as a material for the light-emitting layer and as a material 
for tiie electron-injecting layer as desaibed above. Specific exanples erf tiie metal complex of 8-qurnolinol derivative 
include tris(8-quinolino!) aluminum, bis(8-quinolinol)magnesium, bis(benzo-8-quinolinol)zinc. bis(2-mettiyl-8<?uinolate 
aluminum oxide. tris(8-quinolinol)lndium, bns(5-meihyi-8-quinolinoI)alumlnum, 8-quinolinollithium, tris(5-chloro-8-quino- 
linoOgaHium, bis(5-chloro-8-quinolinol)calcium, tris{5,7-dichkyD-8-qurnolinoI)aluminum. tris(5,7-dteromo-8-hydroxyqui- 
nolinol)aluminum, bis(8-quinolinol)beryHium, bis(2-methyl-S<|uinoIinol)beryllium, bis(8<^uinoiinol)zinc, bis(2-methyl-e- 
quinolinol)zinc, bis(8-quinoIinol)tin. and tri6(7-propyl-8-quinolrnol)alumlnum. 

Specific examples of the material for the protective layer include a copolymer obtained by copolymerizing a mono- 
mer mixture containing tetrafluoroethylene and at least one conr>onomer, a fluorine-containing copolymer of which tiie 
copolymer main chain contains a cyclic structure, polyethylene, polypnt^vlene, polymethyl methacryJate, potyimide, 
polyurea, polytetrafluoroethylene. polychlorotrifluoroethytene, polydichlorodifluoroethylene. a copolymer from chlorohi- 
fluoroethyiene and dicf^orodifluoroethylene, a water-absorption substance having a water absoprtion ratio of at least 1 
%. a humidity-preventive substance having a water absorption ratio of 0.1 % or less, metals such as In. Sn. Pb. Au. Cu. 
Ag. Al, Ti and Ni, metal oxides such as MgO. SiO. SiO^. AJ^O^. GeO, NiO, CaO. BaO. FejO^, Y2O3 and TiOa, and metai 
fluorides such as MgF2, UF, AiFa and CaPg, 

Furtiier, the methods of forming the layers (including the anode and the cathode) virtiich constitute the organic EL 
device as an encapsulating object are not specially limited. As methods of forming the anode, the cathode, the light- 
enrvtting layer, the hole-transporting l^r and the eiectron-injeding layer, for example, a vacuum depositton method, a 
spin coating metiiod, a casting method, a sputtering method and an LB method may be applied. For forming tiie light- 
emitting layer, however, it is prefenred to apply any method (a vacuum deposition method, a spin coating method, a cast- 
ing method or an LB method) other than the sputtering method. The light-emitting layer is particularly preferatrfy a mol- 
ecule-deposited film. The term "mdecule-deposited film" refers to a thin film fomrted by deposition from a material 
conpound in a gaseous state or a film formed by solidifying a material compound which is in a solution or liquid state. 
Generally, the above molecule-deposited film is distinguishable from a thin fflm formed by an LB method (molecUe- 
accurrajlated film) on the basis of differences in cohesive structure and high-order structure and functionai differences 
caused by tiiem. When the light-emitting layer is formed by a spin coaling nriethod. a coating solution is prepsired by dis- 
solving a binder such as a resin and a material conpound in a solvent 

The protective layer can be formed by any one of a vacuum deposition method, a spin coating method, a sputtering 
nrw^od, a casting method, an MBE (molecular beam epitaxy) method, a cluster ion beam mettiod, an ion plating 
method, a plasma polymerization method (high-frequency exited ion plating method), a reactive sputtering method, a 
plasma CVD method, a laser CVD metiiod, a heat CVD method and a gas source CVD method. 

The method of forming each layer can be changed as rec^red depending upon materials used. When the vacuum 
deposition nriethod is used for forming each layer which constitutes the organic EL device, the organic EL device can be 
formed by the vacuum deposition method alone, vi^'ch is advantageous for simplifying facilities and decreasing the pro- 
duction time. 

In the encapsulated organic EL device of the present invention, obtained by providing the above inert liquid layer 
on the periphery of an organic EL device as an encapsulating object, the presence of the inert liquid layer firmly pre- 
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vents the occurrence of a dark spot and the growth of a dark spot, and the device therefore has a longer life. 

The present Invention wifl be further explained by contrasting Examples and Comparative Exanples hereinafter, 
while the present invention shall not be limited to the following Examples. The method of preparing organic EL devices 
used as encapsulating objects in Examples and Comparative Examples will be explained first. 

When an organic EL device as an encapsulating object was produced, a transparent substrate obtained by forming 
an ITO film having a thickness of 100 nm on a 25 mm x 75 mm x 1.1 mm glass substrate was provided first The sub- 
strate was measured for a light transmittance with UV-3100PC supplied by Shimadzu Corporation, to show about 80 % 
in a wavelength region of 400 to 600 nm. The substrate was ultrasonically washed in isopropyl alcohol for 5 minutes and 
in pure water for 5 minutes, and the washed substrate was further UV-ozone-cleaned with an apparatus supplied by 
SAMCO International Latx>ratorieS- 

Then. the substrate was fixed to a substrate holder in a commerciaOy available vapor deposition apparatus (sup- 
piled by ULVAC Japan. Ltd.). and 200 mg of N,N'-bis(3-methyfphenyl-N.N'-diphenyl[1.1'-bipheny[]-4.4'-diamine {to be 
abbreviated as TPD" hereinafter) was placed in a resistance heating boat fanned of molybdenum. Further. 200 mg of 
4,4^-bis(2.2'-diphenylvinyl)l>iphenyl (to be abbreviated as "DPVBr hereinafter) was placed in another resistance heating 
boat formed of molybdenum, and then the vacuum chamber was pressure-decreased to 1 x 10'^ Pa. 

Then, the boat witti TPD in it was heated to 215 to 220°C to deposit TPD on the above ITO film at a deposition rate 
of 0.1 to 0.3 nm/s and to form a hole-transporting layer having a thickness of 60 nm. In this case, the substrate had a 
temperature of room temperature. While the above-obtained procfcjct was altowed to remain in the vacuum chamber 
after the formatbn of the hole-transporting layer the above-the boat with DPVBi in it was heated up to 240°C to deposit 
DPVBi on the hole-transporting layer at a deposition rale of 0. 1 to 0.3 nm/s to form a ilght-emitting layer having a thick- 
ness of 40 nm. In this case, the sutistrate also had a iCTiperature of room temperature. 

The above-obtained product was taken out of the vacuum chambo*. a mask formed of stainless steel was placed 
on the above light-emitting layer, and the resultant set was again fixed to the substrate hoWer. Then. 200 mg of tris(8- 
quino!ino!)aluminum (to be abbreviated as "Akb" hereinafter) was placed in one boat fomned of molybdenum, and 1 g 
of a magnesium ribbon was placed in the other boat formed of mofytxdenum. Further, 500 mg of a silver wire was prfaced 
in a basket formed of tungsten, and these boats were set In the vacuwn chamber. 

Then, the vacuum chamber was pressure-decreased to 1x10-^ Pa, and thereafter, the boat with Alpg in it was 
heated up to 230*0 to deposrt Akfe on the above light-emitting layer at a deposition rate of 0.01 to 0.03 nnVfe and to form 
an electron-injecting layer having a thickness of 20 nm. Further, the silver was deposited on the above electron-injecting 
layer at a deposition rate of 0. 1 nnVs. and at the same time, the magnesium was deposited on the above electron-inject- 
ing layer at a deposition rate of 1 .4 nnn^s, to form an opposite electrode having a thickness of 150 nm and being formed 
of mixed metals of magnesium and silver. The opposite electrode was measured for a reflectance with UV-3 100PC sup- 
plied by Shimadzu Corporation to show 80 % in the wavelength regbn of 400 to 600 nm. 

The opposite electrode was finally formed as descrfced above, to give an organic EL device as an encapsulating 
object. The organic EL device was a device In which an JTO f Itm as an anode, a TPD layer as a hole-transporting layer, 
a DPVBi layer as a light-emitting layer, an Ak^j layer as an electron-ir^ecting layer and a layer of magnesium-silver 
vr\as6 metals as an opposite electrode (cathode) were consecutively laminated on one main surface of the glass sufcK 
strate. Part of the TO film and part of the layer of magnesium-silver mixed metals worked as lead wires from the elec- 
trodes, and the light-emitting layer had a size of 6 mm x 10 mm when viewed as a flat surface. 

Example 1 

(1) Preparation of inert Bquki having a dissolved oxygen concerrtration of 1 ppm or less 

As an inert liquid of which the dissolved oxygen concentration was not ac^usted, there was provided perf luoropol- 
yettier (Demnum S-20 (trade name; vapor pressure at 25'C, 10*^ Ton-; Wnetk; viscosity at 25''C. 53 cSt), supplied by 
DaiWn Industries Ltd.). A proper amount of the above Denrwium S-20 was placed in a glass sample container with a vac- 
uum valve, and the sample container and a vacuum pump with a diffuskm pump (ULVAC VPC-050, supplied by ULVAC 
Japan. Ltd.) were connected to each other with a flange. 

Then, zeolite fonned of pdytetrafluoroethylene (Teflon) was inserted into the Demnum S-20 In the above sample 
container, and while the Demnum was stined at room temperature, the sample container was vacuumed to 1 0"* Torr to 
exhaust dissolved oxygen by a ordinary temperature vacuum degassing method for about 30 minutes until no foaming 
was found. 

The above-prepared mert lk?uid had a dissolved oxygen concentration of 0.05 ppm and a water content of 5 ppm. 
The dissolved oxygen concentration was measured with SUD-1 (trade name of a measwing apparatus) suf^lied by 
Central Kagaku. Ltd. In a gloved box in which the atmosphere was purged with nitrogen gas, the inert liquid was f towed 
down a sensor portion of the above apparatus at a constant flow rate of 50 ml/minute, and when displayed values were 
stabilized after about 20 seconds, the measurement value was read. Further, the inert liquid was measured for a water 
content by a Karl Fischer's titration method. 
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(2) EncapsLdation 

Rrst. there was prcn/ided a cap-shaped housing material formed of glass (counterbored substrate supplied by 
Howa Industries). The housing material had one concave portion having an inner dimension of 13 mm x 1 3 mm x 1 mm 

5 and had an outer dimension of 15 mm x 15 mm x l.B mm. Further, an inlet for charging the inert liquid was formed in 
the bottom of the concave portion of the housing material. 

Then, the glass sutsstrate on which the above organic EL device was formed and the at>ove housing oYaterial were 
bonded to each other vwth an epoxy resin adhesive (ARALDJTE AR-R30, supplied by Ciba Geigy) such that the organic 
EL device as an encapsulating object was placed within the above concave portion. In this case, the organic EL device 

w was present in a space formed by the concave portion of the housing material and the substrate, and the organic HL 
device B,n6 the housing material were out of contact. 

The resultant eeft was allowed to stand for 3 hours to cure the adhesive, and then the set was vacuum-dried with a 
vacuum desiccator. The vacuum-dried set was transferred into a gloved box in which the atmosphere was purged with 
nitrogen gas, and in the gloved box, the inert liquid prepared in the atK>ve (1) was charged into the space formed by the 

IS concave portion of the housing material and the substrate through the inlet formed in the housing material . In the gloved 
booc. after the charging of the inert liquid, the edxm inlet was closed with an ^poxy resin adhesive (ARALDITE AR-R30, 
supplied by GIba Qeigy), and the set was allowed to stand in the gfoved box for about 3 hours until the adhesive was 
cured. 

An inert liquid layer was formed on the periphery of the organic EL de^rice as an encapsulating object by charging 
20 the inert liquid prepared in the above (1 ) into the space formed by the concave portion of the housing material and the 
substrate, whereby the encapsulating as an ot>ject was performed. At the same time, an encapsulated organic EL 
device as an object was obtained. Fig. 1 shows a schematic cross sectiona] view of the encapsulated organic EL 
device. 

As shown in Fig. 1. the above-obtalned encapsulated organic EL device 1 of the present invention has an inert liq- 
25 uid layer 20 of the inert liquid prepared in the. above [1) formed on the periphery of an organic EL device 10 as an 
encapsulating cbject. The organic EL device 10 as an encapsulating object is formed by consecutively laminating an 
TO film 12 as an anode, a TPD layer 13 as a hole-lransporting layer, a DPVBi layer 14 as a light-emitting layer, an Alqg 
layer as an electron-injecting layer and a layer 16 of magnesium-silver mixed metals as an opposite electrode [cathode) 
on the a glass sut^strate 1 1 . Part 12a of the ITO film 12 and part 16a of the l^er 16 of magnesium-silver mixed metals 
30 constitute lead wires from the electrodes. The organic EL device 1 0 is present in a space formed by the concave portion 
of the housing material 18 fixed onto the glass substrate 1 1 with an ^x>xy resin adhesive 1 7 and the c^ass substrate 
1 1 , and the space was charged with the inert liquid prepared in the above (1). As a result, the inert liquid layer 20 is 
fornned on the periphery of the organic EL device 10. The inert liquid is a liquid charged through an inlet 1 9 provided in 
the housing material 1 3, and the inlet 1 9 is closed with an epoxy resin adhesive 1 7a after the diarging of tfie inert liquid. 

35 

(3) Evaluation of encapsulating effect 

"nie encapsulated organic EL device obtained in the atxwe (2) was connected to a direct-cun-ent cor^ant-cuaent 
electric source through the two lead wires of the organic EL device, and electricity was applied such that an initial bright- 
40 ness at 25°C in atmosphere was 1 00 cd/m^. In this case, the current value was 0.56 mA, and the voltage value was 9 
V. The brightness was measured with a iunrtinance meter (trade name CS-100} suppfied by Minolta Camera Co., Ltd. 

After the above electric application, an enlarged photograph of the light-emitting surface was taken (magnification, 
10 times), and a ratio of the total area of dark spots viewed as a flat surface to the area of the ligjht-emitting surface 
viewed as a flat surface (to k>e referred to as 'no-llght emission area ratto*" herenafter) was determined on the basis of 
45 the above photograph, to obtain 0.43 %. Further, one daric spot was measured for a diameter to show 18.4 \im. 

Further, 139 hours after the electric application was initiated, a no-light emissfon area ratio was determined in the 
same marker as above, and the same dark spot as that measured at>ove was measured for a diameter. Further, the 
growth ratio of a dark spot was defined to be a diameter increment value per hour, and the value thereof was deter- 
mined. Table 2 sfxws the results. 

so 

Example 2 

Ordinary temperature vacuum degassing was carried out under the sanrte concfittons as those in Example 1(1) 
except that the inert fiquid of which the dissolved oxygen concentration was not adjusted was replaced with perfluor- 
55 opolyether (Fomblin Z03 (trade name; vapor pressure at 25*'C. 10"^ Ton'; kinetic viscosity at 25'C. 30 cSt). supplied by 
Montecatini), to prepare a inert liqukJ having a dissolved oxygen concentration of 0. 1 ppm and a water content of 5 ppm. 
Then, an encapsulating as an object was carried out under the same conditions as those in Example 1 except that the 
inert liquid used for forming an inert liquid layer on the periphery of an organic EL device was replaced with the above- 
prepared inert liquid. At the same time, an encapsulated organic EL device as an object was also obtained. 
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The above encapsulated organic EL device was evaluated for encapsulating effects in the same manner as in 
Exanple 1(3) except that the second caJoilalion or measurement of a no-light emission area and a dark spot diameter 
was conducted 152 hours after the initiation of electric application. Table 2 shows the results. 

Comparative Exanrpte 1 

Ordinary temperature vacuum de^ssing was can-ied out under the sanfie conditions as those in Example 1(1) 
except that the inert liquid of which the dissolved oxygen concentration was not adjusted was replaced with perfiuoro- 
amine (Fluorinert FC-70 (trade name; vapor pressure at 25''C. 0. 1 Torr , supplied by Sumitomo^3M Co.. Ltd.) . However, 
the degasang was not fully performed since the above inert liquid had a higher vapor pressure than 1 0'^ Ton* at 25*'C.' 
and the pr^ared inert liquid had a dissolved oxygen concentration of 2 ppm or outside the range limited in the present 
invention. Further, the inert liquid had a water content of 20 ppm. Further, an organic EL device was encapsulated 
under the san>e conditions as those in Example 1 except that the inert liquid used for forming an inert liquid layer on the 
periphery of the organic EL device was replaced with the above inert liquid, to give an encapsulated organic EL device. 

The above encapsulated organic EL device was evaluated for encapsulating effects in the same manner as in 
Example 1(3) except that the second calculation or measurement of a no-light emission area and a dark spot diameter 
was conducted 124 hours after the initiation of electric application. Table 2 shows the results. 

Comparative Example 2 

Ordinary temperature vacuum degassing was carried out under the same condHions as those in Exarrple 1(1) 
except that the inert Rquid of which the dtssoJved oxygen concentratkm was not adjusted was replaced with perf luoro- 
amine (nuorinert FC-43 (trade name; vapor pressure at 25*0, 1 .3 Torr , suppited by Sumitomo-3M Co. , Ltd.). However, 
the degassing ^ras not fully performed since the above inert liquid had a higher vapor pressure than 10"^ Ton- at 25*c! 
and the prepared inert liquid had a dissolved oxygen concentration of 10 ppm or outskle the range limited in the present 
invention. Further, the inert lk?uid had a water content of 50 ppm. Further, an organic EL devce was encapsulated 
under the same conditions as those in Exanrple 1 except that the inert liquid used for forming an inert liquid layer on the 
periphery of the organic EL device was reji^aced with the above inert Bquid, to give an encapsulated organic EL device. 

The above encapsulated organic EL device was evaluated for encapsulating effects in the same manner as in 
Example 1 (3) except that the second cakajiatton or measurement of a no-tight emission area and a dark spot diameter 
was conducted 136 hours after the initiation of electric applicatron. Table 2 shows the results. 

Comparative Example 3 

An organic EL devtoe was encapsulated under the same contftiwis as those in Example 1 exc^ that an organic 
EL device as an encapsulating ofc^ect was encapsulated under the same conditions as those in Example 1 except that 
the perfluoropolyether (Demnum S-20 (trade name), supplied by Daikin Industries Ltd.) which was vacuum-degassed 
in Example 1 was replaced with an inert liqukf which was perfluoropolyelher (Demnum S-20 (trade name), supplied by 
Daikin Industries Ltd.) nrt vacuum-degassed, to give an encapajlated organic EL device. The above inert lk|uid had a 
dissolved oxygen concentration of 8.0 ppm. or outside the range limited in the present inverrtion. 

The above encapsulated organic EL device was evaluated for encapsi^ating effects in the same manner as in 
Example 1 (3) except that the second calculation or measurement of a no-light emission area and a dark spot diameter 
was conducted 115 hours after the inifialion of electric application. Table 2 shows the results. 
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Table 2 





No-light emission area ratio (%) 


Diameter of dark spot (iim) 


Larowin raie or 
dark spot 
(Mm/hour) 




Initial 


After predeter- 
mined period of 
time 


^itial 


After predeter- 
mined pertod of 
lime 




Ex.1 


0.43 


0.51 


18.4 


20.1 


1.22x10 2 


Ex.2 


0.43 


0.59 


18.4 


19.1 


4.51 XI 0-^ 


CEx.1 


0.45 


3.9 


18.3 


457 


2.21 X 10-^ 


CEx.2 


0.42 


12.3 


18.5 


121.9 


7.60x10"^ 


CEx.3 


0.46 


12.4 


18.8 


82.5 


5.55x10-"" 


Ex. = Example. CEx. = Comparatrve Example 

*: "After predetermtnecS pertod of time" in Example 1 stands lor 1 39 hours after the electric appHcation, "After prede- 
termined period of time" in Example 2 stands for 152 hours after the dectric appNcation, "After predetermined period 
of time" in Comparative Example 1 stands for 124 hours after the electric application, **After predetemiined period 
of time' in comparative Example 2 stards for 136 hours after the electric appBcation, and "After predetermined 
period of time" in Conrparative Example 3 starves for 115 hours after the electric appfication. 



As is shown in Table 2. the encapsulated organic EL devices obtained in Examples 1 and 2 showed almost no 
changes from initiat values in the no-light emission area ratio and tine diameter of a dark spot 1 39 hours or 152 hours 
after the electric application and the growth rate of a dark spot rn each was also low. These data show that each of the 
30 inert liqiid layers formed in Examples 1 and 2 firmly prevented the growth of dark spots. 

In contrast, in the eru:apsutated organic EL devices obtained in Comparative Examples 1 to 3, the no-light emission 
fBttos and the diameters of dark spots were greatly larger than their initial values after predetermined periods of time 
passed after the electric app&catbn. and the growth ratio in each Conparatrve Example was much larger than those 
ratios in Examples 1 and 2. - 

35 

Examples 

(1) Preparatk>n of inert liquid having a dissolved oxygen concentration of 1 ppm or less 

40 An inert Ik^uki having a dissolved oxygen concentration of 0.05 ppm and a water content of 5 ppm was prepared in 
the same manner as in Example 1(1). 

(2) Activatkxi treatment of adeoibent 

4B Activated alunrBna (supplied by Hiroshima Wako Purechen^cal industries Ltd.; particle diameter about 300 mesh) 
was provkjed as an adsoibent A proper amount of the activated altxnina was placed in a glass sample container with 
a vacuum valve, and the sample container and a vacuum pump were connected to each other with a flange. 

Then, tfie atjove sample container was vacuumed to 10"* Torr at room temperature, and while the portion retaining 
the activated alurrana in the above sample container was heated at 280*C with a heater, the sanpte container was fur- 
so ther vacuumed. The above vacuuming was continued for 5 hours until the generatkin of gas from the activated alumina 
was not found so that a vacuum degree was stabilized, and then the vacuum valve was dosed for storage. 

(3) Encapsulation 

55 The same cap-shaped housing material as Ihe cap-shaped housing nnaterial used in Example 1(2) was provided. 
The housing material and an organic EL device were bonded to each other in the same manner as in Example 1 [2), 
and then the resuttant set was vacuum-dried with a vacuum desiccator. The vacuum^ried set was transferred into a 
gloved box in which the atmosphere was purged with nitrogen gas. 

Further, the above sample container containing ihe inert tk^id prepared in the above (1) and the above sample 
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container containing the adsorbent activation-trBated in the above (2) were transferred into the above gloved box. Then, 
a predetermined amount of the adsorbent was charged into the sample container containing the inert fiquid, and ttie 
mixture was stin-ed to prepare an inert liquid containing the adsoitent (to be relerred to as "mixture liquid^ hereinafter) 
The mixture liquid contained 500 mg cf the adsorbent per milliliter of the Inert liquid, and the mixture liquid had a dis- 
solved oxygen conceitralion of 1 ppm or less. Thereafter, the mixture liquid was charged into a space formed by the 
concave portion of the housing material and the substrate through an inlet provided In the above housing material. 

After the charging of the mixture liquid, in the above gloved box. the above inlet was closed with an epoxy resin 
adhesive (ARALDFTE AR-R30, supplied by Clba Geigy). and the set was allowed to stand in the gloved box lor about 3 
hours until the adhesive was cured. 

An inert liquid layer was formed on the periphery of the orgarac EL device as an encapsulating object by charging 
the above mixture liquid into the space formed by the concave portion of the housing material and the substrate, 
whereby the encapsulating as an object was performed. At the same time, an encapsulated organic EL da^ice as an 
object was obtained. Rg. 2 shows a schematic cross sectional view of the enc^sulated organic EL device. 

As shown in Fig. 2, the above-obtained encapsulated or^nic EL device 30 has an inert liquid layer 31 formed on 
the periphery of an organic EL device 10 as an encapsulating object, the inert liquid layer 31 being formed of mixture 
liquid (inert liquid containing adsorbent) consisting of an inert liqUtd 31a prepared in the above (1) and an adsoibent 
31b activation-treated in the above (2). In the encapsulated organic EL device shown in Fig. 2. the same members as 
those in Fig. 1 are shown by the same reference numerals, and explanations thereof are omitted. 

(4) Evaluation of encapsulating effects 

The encapsulated organic EL device obtained in the above (3) was evaluated for encapsulating effects in the same 
manner as in Example 1 (3) except that the calculation of a no-light emission area ratio and the measurement of a dark 
spot diameter were conducted 5 days and 30 days after the initiation of electric application. Table 3 shows the results. 

Example 4 

An Mg powder (supplied by Kojundo Chemical Laboratory Co.. Ltd.; particle diameter 80 mesh or less) was pro- 
vided as an adsort)em. and the Mg powder was activation-treated as follows. 

Rrst, a proper amount of the Mg powder was placed In a beaker, and a 1 M hydrochloric acid aqueous solution was 
added. The mixture was altowed to stand for several minutes, and then filtered, and the residue {Mg powder) was rinsed 
vwth a suffidem anrKXjnt of anhydrous ethand. The rinsed residue (Mg powder) was transfen-ed to a glass sample con- 
tainer with a vacuum valve, and the valve of the sample container was closed. The procedures so far were earned out 
in a gloved box in which dry nitrogen gas had been blown. The above sample container (containing the residue (Mg 
powder)) of which the valve was dosed was taken out of the gloved box, and the Mg povwder in the container was sub- 
jected to vacuuming in the same manner as in Example 1 until the evaporation of ethanoi was not found so that the vac- 
uum degree was stabilized. The above vacuuming was carried out at room tenrperature without heating a portion 
retaining the Mg powder in the above sample container. 

An orgartic EL device was encapsulated in the same manner as in Example 3 except that the adsorbent was 
replaced with the Mg powd& which was activation-treated as described above, and at the same time, an encapsulated 
organic EL device was obtained, fri this case, the inert liquid layer contained 500 mg of the adsorbent per milliliter of the 
inert liqukl, and had a dissolved oxygen concentration of 1 ppm or less. 

The above encapsiiated organic EL device was evaluated for encapsulating effects in the same manner as in 
Exanple 3(4). Table 3 shows the results. 

Examples 

An organic EL device was encapsulated in the same manner as in Example 3 except that the adsorbent was 
replaced with a powder (partide dameter 300 mesh or less) of CaS04 - I/2H2O (caldned gypsum: supplied by \Nako 
Purechemical Industries Ltd.). that the heating tenrperature by a heater for the activation treatment of the adsorbent 
was changed to 24a»C and that the mixture liquid was replaced with a mixture Hquid (inert liquW containing the inert 
liquid) containing 200 mg of the adsorbent per milliliter 0I the inert liquid, and at the same time, an encapsulated organic 
EL device was obtained. In this case, the siert liquid layer had a dissolved oxygen concentration of 1 ppm or less. 

The above encapsulated organic EL device vwis evaluated for encapsulating effects in the same manner as in 
Example 3(4). Table 2 shows the results. 

Referential Example 1 



An organic EL device was encapsulated in the same manner as in Example 3 exc^ that no adsorbent was used. 
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The encapsulated organic EL device was e/aluated for encapsulating effects in the same manner as in Example 3(4). 
Table 3 shows the results. 

Comparative Example 4 

An organic EL device was encapsulated in the same nrtanner as in Example 3 except that perfluoropolyether (Dem- 
num S-20 (trade name), supplied by Daikin Industries Ltd.) was used as an inert liquid without vacuun-degassing it 

The above encapsulated organic EL device was evaluated for encapsulating effects in the same manner as in 
Example 3(4). Table 3 shows the results. 

Comparative Example 5 

An organic EL device was encapsulated in the same manner as in Example 3 except that activated alumina (parti- 
cle diameter atx)ut 300 mesh, sipptied by Hiroshima Wako Purechemical Industries Lid.) was exposed to atmosphere 
and then used as an adsorbent without activating-lreating it. The mixture liquid Onert liquid containing the adsorbent) 
used for forming an inert liquid layer had a dissolved oxygen concentration erf 5.0 or outside the range limited in 
the present invention, since oxygen adsort>ed on the adsorbent was dissolved in the Ir^ liquid. 

The above encapsulated organic EL device was evaluated for encapsulating effects in the same nrtanner as in 
Example 3(4). Table 3 shows the results. 



Tabled 





No-light emission area ratio (%) 


Diameter of c^k spot (^m) 




initial 


After 5 days 


After 30 days 


InHtal 


After 5 days 


After 30 days 


Ex.3 


0.20 


0.20 


0.25 


15 


15 


17 


Ex 4 


0.20 


0.20 


0.25 


15 


15 


17 


Ex.5 


0.20 


0.20 


0.25 


15 


15 


17 


REx 1 


0.20 


0.25 


12 


15 


17 


ao 


CEx4 


0.20 


4.0 


50 


15 


50 


300 


CEx.5 


0^0 


4.0 


50 


15 


50 


300 


Ex. s Example, REx, = Referential Example. CEx. ^ Comparative Exanrple 



^own in Table 3. in the encapsulated organic EL devices obtained In Examples 3 to 5. the increase o1 the no- 
light emission area ratio with the passage of time and the growth of dark spots with the passage of time were firmly pre- 
vented. 

On the other hand, in the encapsulated organic EL device obtained in Referential Example 1. the increase of the 
no-light emission area radio with the passage of time and the growth of dark spots with the passage of time were firmly 
prevented as compared with the data of the encapsulated organic EL devices obtained in Comparative Examples 4 and 
5, while the encapsulating effects were tow as conr^^ared with the data of the encapsulated organic EL devices obtained 
in Examples 3 to 5. 

Further, in the encapsulated organk: EL dence obtained in Comparative Example 4, the no-light emission area ratio 
invnensely increased with the passage of time and dark spots immensely grew with the passage of tinne. and the 
encapaitating effects were low. In Comparative Exanrtple 5 in which the adsorbent was exposed to atmosphere and 
then used without activation treatment, to form the inert liquid layer having a dtssdved oxygen concentration of 5.0 ppm« 
the no-light ennission area ratio immensely increased with the passage of time, and dark spots immensely grew with the 
passage of time, similarly to the encapsulated organic EL device obtained in Comparative Example 4, and no effect of 
the use of the adsorbent was found. 

As explained above, the method of the present inverttion can firmly prevent the growth of dark spots in an organic 
EL device. The working of the present invention therefore can provide organic EL devices having an increased device 
life. 

Claims 

1. A method of encapsulating for an aganic EL device, which comprises providing a layer of an inert liquid having a 
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dissolved oxygen concentration of 1 ppm or less on the periphery of an organic EL device formed by iaminating an 
anode and a cathode through at ieast a iight-emitting layer. 

2. The method of claim 1 , wherein the method uses, as an inert liquid, an inert liquid having a water content of 1 0 ppm 
s or less. 



3. The method of claim 1 . wherein the method uses, as an inert liquid, a liquid lluorinated carbon having a vapor pres- 
sure of 10*^ Ton- or less at 25'»C. 

w 4. The method of claim 1. wherein the layer of an inert liquid is formed by providing a housing material, which is to 
cover the organic EL da«ce formed on a substrate in combination with the substrate wNle forming a space 
between the organic EL device and the housing material, outside the organic EL device, and filling the inert liquid 
having a cfissoh/ed oxygen concentration of 1 ppm or less in the space formed by the above substrate and the 
above housing material. 

IS 

5. The method of claim 1. wherein the method uses, as an inert liquid, an inert liquid containing an adsorbent. 

6. The method of claim 5, wherein the method uses, as an adsorbent. 

20 (1) an inorganic compound selected from activated alunrena. diatomaceous earth, activated carton, hemihy- 

drated gypsum, phosphorus pentoxide, magnesium perchlorate, potassium hydroxide, calcium sulfate, calcium 
bromide, calcium oxide, zinc chloride, zinc bromide or anhydrous copper sulfate. 

(2) a metal selected from the metal group consisting of lithium, beryllium, potassium, sodium magnesium, 
rubidium, strontium and calcium, 
2S (3) an alloy of metals selected from the above metal group, 

or 

(4) an acrylic water-absorptton polymer or a methacrylic water-absorption polym^. 



30 



35 



7. The method of claim 5. wherein the method uses, as an adsorbent, an adsorbent which is activation-treated. 

8. The method of claim 5, wherein the inert liquid contains 1 mg to 10 g of the adsorbent per milliliter of the inert liquid. 

9. The method of claim 5. wherein the method uses, as an inert liquid, an inert liquid having a water content of 1 0 ppm 
or less. 

1 0. The method of daim 5, wherein the method uses, as an inert liquid, a liquid fluorinated carbon having a vapor pres- 
sure of 10'^ Torr or less at 25'*C. 

1 1 . The mrthod of claim 5. wherein the layer of the inert fiquid containing the adsorbent is formed by providing a hous- 
<o Ing material, which is to cover the aganic EL device formed on a substrate in combination with the siisstrate while 

forming a space between the organic EL device and the housing material, outside the organic EL device, and tflling 
the inert liquid in the space formed by the atx3ve substrate and the above housing material. 

12. An encapsulated organic EL device having an organic EL device and a layer of an inert liquid which is provided on 
45 the periphery of the organic EL device, the layer of the inert liquid having a dissolved oxygen concentration of 1 

ppm or less. 

13. The encapsulated organic EL device of daim 12, wherein the inert liquid has a water content of 10 ppm or less. 

so 14. The encapsulated organic EL device of daim 12, wherein the inert liquid is a liquid fluorinated carbon having a 
vapor pressure of 1 0*^ Torr or less at 25°C. 

15. The encapsulated organic EL device of daim 12, wherein the layer of the inert liquid is formed of an inert liquid con- 
taining an adsc^ent. 

55 

16. The encapsulated organic EL device of claim 15, wherein the adsorbent is 

(1) an inorganic conpound selected from activated alumina, diatomaceous earth, activated carbon, hemihy- 
drated gypsum, phosphorus pentoxide. magnesium perchlorate, potassium hydroxide, caldum sulfate, calcium 
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bromide, calcium oxide, zinc chloride, zinc bromide or anhydrous copper sulfate, 

(2) a metal selected from the metal group consisting of lithium, beryllium, potassium, sodium, magnesium, 
rubidiunt, strontium and calcium. 

(3) an atloy of m^is selected from the above metal group. 

or 

(4) an acrylic water-absorption polymer a a methacryiic water-absorption polymer. 

17. The encapsulated organic EL device of daim 15. wherein the adsorbent is an activation-treated adsorbent. 

18. The encapsulated organic EL device of claim 15, wherein the inert liquid 1 mgto 10 g of the adsorbent per milliliter 
of the inert liquid. 

1 9. The encapsulated organic EL device of claim 12, wherein the organic EL device is formed on a sut)strate, a housing 
n^terial, which is to cover the organic EL device in combination with the substrate wNle forming a space between 
the organic EL device and the housing material, is provided outside the organic EL device, and the layer of the inert 
liquid is formed in the space formed by the substrate and the housing material. 
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